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I. Ekperimental Progress 

A. Lithium Drifted S i l icon  Semiconductor Detectors: 
1. Seventy d i f f e ren t  detectors  have been incorporated i n t o  

t h i s  study. 
devices ranging i n  s i z e  from 1 x 1 x 1 mm t o  7 x 7 x 150 mu. 
Long detectors ,  i .e . ,  having proton path lengths i n  s i l i c o n  
of 10, 20, 30, 50, 70, 100, 120, 130 and 150 mm are being 
used t o  t o t a l l y  absorb high energy protons. Shorter path 
lengths are used t o  meadure stopping power dE/pdX i n  s i l i con .  

2. Lithium-drifted detectors  of spec ia l  shapes and s i zes  are 
fabricated at SMU. New techniques of fabr ica t ion ,  mounting 
and encapsulation were developed. 

3. Combinations of detectors  have been developed t o  permit 
simultaneous measurements of dE/dx and E wi th  i den t i f i ca t ion  
of both mass and energy of the  incident  p a r t i c l e  for  
t r ans l a t ion  t o  a surface dose and depth dose d is t r ibu t ion .  

They represent a family of various s i z e d  

B. Charge-pulse response of s i l i c o n  detectors:  

The charge-pulse response of many of the de tec tors  have been 
measured f o r  the  proton energies l i s t e d  i n  D. as a function of 
proton energy, proton path length i n  s i l i c o n  and operating 
conditions of t he  detector .  The average energy required t o  
produce an ion-electron pair  has been measured from both the  
stopping power measurements i n  s i l i c o n  and from the  protons 
t o t a l l y  absorbed i n  s i l i con .  
t r a n s l a t e  the  cur ren t  from each detectol- produced by a known 
rad ia t ion  f lux densi ty  and s tored i n  a ca l ibra ted  condenser 
i n t o  dose, i .e.,  t he  t o t a l  energy absorbed per un i t  mass of 
s i l i con .  

These data  are required t o  

C. Detector Life-time Behavior Studies: 

"he depletion depth, volume, ooisc l eve l ,  charge pulse per Mev, 
dark current  and capacitance are being measured f o r  each de- 
t e c t o r  used i n  the  study. 
obtained over t hc  two year period w i l l  bc used t o  (a) predict  
t he  usable l i f e  of a detector and 
loss of r e l i a b i l i t y  of da t a  produced by the  detector .  

The complete age-usage h is tory  thus 

(b) t o  pin-point and predict  
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D. .Stopping Power Measurements: 

Data has been taken using protons having energies of 5 ,  6, 8, 
10, 11, 1.2, 13, 14, 15, 16, 36, 37, 40, 100, 160, and 187 Mev. 
Absorbers were used i n  duplicate sets of three d i f f e ren t  
thicknesses permitting measurements on s i x  d i f f c rcn t  absorbers 
with each of two or  more detectors.  

a. Elements: U ,  Be, C, Cu, Fe, Pb, S i  
b. P las t ics :  Nylon, plexiglass,  polycthlene, t i s s u e  

c .  Tissue: Bone, muscle, f a t .  
equivalent. 

E. Fie ld  T r i p s :  
1. t o  the  University of Texas, Austin, Texas 

Dates: October 10-11, 1964 
Accelerator time: 36 hours 
Proton Energies 5-14 Mev 

Dates: Dcccmber 28-29, 1964 
;':ccclerator time: 36 hours 
Proton Energies 8-16 Mev 

2. Oak Ridge National Laboratories, O a k  Ridge, Tennessee 
Dates: November 21-29, 1964 
:.ccelerator time: 80 hours 
Proton Energies: 36-40 Mev 

3. University of Uppsala, Uppsala, Sweden 
Dates: October 23-November 8, 1964 
Accelerator time: 100 hours 
Proton Energy: 187 MeV 

4. Lk i?%rs i ty  cf ScIlthc.r*?, Califcrnia, LQC :;Egeles, Califcrrr?i= 
Dates: May 20-22, 1965 
;,ccelerator time: 24 hotlrs 
Proton Energies: 21-30 MeV 

5. M c G i l l  University, Montreal, Canada 
Dates: ,'.ugust 4-15, 1965 
Accclcrator time : 110 hours 
Proton Energy: 100 Mev 

6. Harvard University, Cambridge, Mass. 
Dates: August 16-19, 1965 NOTE: Cyolotron main generator 

f a i l e d  j u s t  before SMU t u r n  t o  "go on the  beam." 
major breakdown forced rescheduling f i e l d  t r i p  t o  

This 

Dates: January 18-24, 1966 
, 'ccelcrator time: 84 hours 
Proton Energy: 160 Mev 
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7. University of Uppsala, Uppsala, Sweden 
Dates: &',pril 20-~ay 4, 1966 
Accelerator time: 138 hours 
Proton Energies 185.6 Mev 

e 
8. University of Uppsala, Uppsala, Sweden 

Dates: June 9-July 8, 1966 
;.ccelerator t i m e  : 166 hours 
Proton Energies 185.6 Mev. 

F. NAS.". Par t ic ipa t ion :  

Members of t h c  NlS.'., Manned Space Center, Space Radiation and 
F ie lds  Branch par t ic ipa ted  i n  t h e  research e f f o r t  a t  the 
University of Uppsala, at  Oak Ridge National Laboratory, and at 
M c G i l l  University. 
i n t e r e s t  t o  t h i s  Branch were accomplished. 
of nuclear t r a c k  p l a t c  cmulsions and ca l ib ra t ion  of various dosimeters. 
The accc lcra tor  t i m e  made ava i lab le  t o  N,'S1. at no charge ranged from 
10 t o  24 hours at each f a c i l i t y .  

A t  each f a c i l i t y  addi t iona l  research of spec ia l  
Thcse jncludcd cxposurc 

11. Theoret ical  Progress 

,'.. Linear Stopping Power Calculations : 

A program f o r  ca l cu la t ing  l i n e a r  stopping powtr, dE/pdx; based on 
thc Bethc-Block equation 

including s h e l l  correct ions has been completed, t e s t e d  and used on 
the  SMU, CE-3400 computcr t o  ca l cu la t e  the  cor rec t  thickncsscs f o r  
t hc  pure clemcnts. 
evaluated experimentally f o r  each clcment. 

The mean ioniza t ion  poten t ia l ,  I, has been 

B. Monte Carlo Stopping Power Calculat ions:  

The l i n e a r  stopping power program has been incorporated i n t o  a 
Monte Carlo transport  program which permi ts  Coulomb in t c rac t ion  with 
both t h e  o r b i t a l  e lec t rons  and the  nuclci .  
used t o  vc r i fy  t h e  stopping power measurement and the  energy s t r agg le  
measure1 expcrimcntally. 

This program has been 

C. Dctermination of Z/;. and I fo r  complex absorbers; 

Thc abovc programs are being used to detcrminc e f f ec t ive  2, A, and 
I values f o r  water, bone, meat and fa t  based on the  cxperimental 
stopping power mcnsurcmtnts. 
which dose, i .c. ,  the  t o t a l  cncrgy absorbed pc'r unit  mass of thc 
absorbing material, can be ca lcu la ted  as a function of f l u  density,  
type and cncrgy of the  ion iz ing  rad ia t ion .  

The cnd r c s u l t  w i l l  bc a program by 
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Calculation of Effect ive Z/A, and I.: 

The e f fec t ive  values of Z/A, and I f o r  cach of four  p l a s t i c s  
s tudied arc being used t o  obtain a mathematical modcl f o r  c a l -  
cu la t ing  thcsc  quan t i t i c s  whcre the  chemical composition and 
r e l a t i v e  abundance of e hctcrogcneous material i s  known. 

Dose Calculation 

The computer program i s  being wr i t ten  t o  pcrmit  ca lcu la t ion  of a 
depth dosc d i s t r ibu t ion  i n  a mult i layer ,  i .c . ,  skin,  muscle, bone 
fat ,  e t c . ,  absorbcr i n  a heterogeneous rad ia t ion  cnvironmcnt. 
Other options permi t  (a)  the p a r t i c l e s  t o  en te r  cvcrywhcrc over 
the surface of t h e  "ebsorbc'r''; ( b )  determination of energy l o s t  
i n  t r a n s i t  through the  absorber; ( c )  energy and angular d i s t r i b u t i o n  
of sccondary rcd ia t ions  (nuclear of o r b i t a l  e l cc t rons )  t o  permi t  
study of reabsorption o r  cscapc from s i tc  of dosc i n t e r e s t  and 
( d )  t he  absorber t o  have a complcx geometry. 

Corrclation Betwecn Biological Response and Dose Measuremcnt: 

Thc f i n a l  s t e p  i s  thc determination of a bio logica l  response of 
the chosen subjcct  t o  the ac tua l  (if on a mission) or the  prcdicted 
rad ia t ion  environment. 
t h e  basis of human cancer cases and animal i r r ad ia t ions .  Thc 
b io logica l  response i tself  i s  a medical study and the  responses 
used i n  t h i s  cnalysis  w i l l  be from wcl l  qua l i f i ed  sourccs. The 
precise  dctcrminztion of thc r ad ia t ion  environment which produced 
the  rcsponse is a physicol study. 
rad ia t ion  environment i n t o  terms of a space rad ia t ion  cnvironmcnt 
and co r rc l a t ing  t h e  b io logica l  response t o  t h e  space r ad ia t ion  
cxposure i s  one of the  goals of t h i s  rescarch e f for t4  

Indicat ivc predict ions are possible on 

Translat ing the laboratory 

The main goal of t h i s  projcct i s  t o  provide the  basic physical  
da t a  concerning s i l i c o n  detectors  and the t r u e  mathematical path 
t o  permi t  t h c  physical  measurement o r  sequence of measuremcnts 
made w i t h  a s i l i c o n  detector s o  t h a t  the s i l i c o n  dose and U T  
measurements can be t rans la ted  d i r e c t l y  i n t o  t i s s u e  dose and 
depth dosc d i s t r ibu t ion .  It i s  from these t r ans l a t ions  t h a t  
ind ica t ive  predict ions of the  b io logica l  response can be made. 

The da ta  cur ren t ly  being used i s  t h a t  provided by Dr. Borje Larsson 
from h i s  s tud ies  based on h i s  trcatmcnt of human canccrs using 
i r r a d i a t i o n  by 187 Mev protons f o r  treatment and the whole body 
i r r ad ia t ions  cf primates  by thc  Bionucleonics Illvision of the  
USAT School of .\erospacc Medicine. 
when it is  possible  t o  obtain enough information concerning t h c  
laboratory r ad ia t ion  environment t o  permit a d i r e c t  t r m s l a t i o n  

Other s tud ies  w i l l  be included 

of the  dosimetry i n t o  N:iS>.-SMU dosimetry. 
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